Abstract-Assuming as a starting point our recent work on a dimer
of silicon nanoparticles with light scattering directionality, we have explored the light interaction between the incoming and scattered electric fields in dimers made of other different semiconductors. The scattering directionality is achieved by accomplishing Kerker's conditions. By directing the scattered light towards the gap of the dimer, interferential effects can be used to achieve high or low light intensities as a basis of all-optical nanoswitches. A comparison between dimers of different materials is shown.
The emergence of Mie resonances, either electric or magnetic, in low-absorption CMOS-compatible dielectric nanoparticles has opened a new way in the research on light control at the nanoscale and its potential applications. [1] [2] [3] In our recent work [4] , we designed a dimer of silicon nanoparticles, accomplishing Kerker's conditions of light scattering directionality, in such a way that either a hotspot or a "cold spot" can be achieved in the gap between both nanoparticles. This is made by combining properly the satisfaction of the minimum forward scattering condition (MF) and the zero-backward scattering condition (ZB) to produce the convenient directional scattering outwards or inwards the gap. In the latter case, interferences appear, either constructive or destructive, in the gap region. The scheme in Figure 1 shows two possible arrangements that are called direct/0º configuration, producing a lack of light in the gap, and the inverse/180º configuration, which generates not only an enhanced concentration of light scattering in the gap, but also interferential effects.
There are several geometrical parameters to play with to optimize the contrast between the hot and cold states, such as the shape and size of the particles or the distance between them. Once they are optimized, the required effects are satisfied at a certain wavelength, in such a way that by shifting it, directional conditions are not satisfied anymore. Thus, we can change from a high to a null intensity of the electric field in the gap, or vice versa, producing an actual all-optical nanoswitch. If particles are * E-mail: rvergaz@ing.uc3m.es not spherical ones, like nanodisks, this effect can be also achieved by varying the incident polarization [5] .
In [4] a quantitative parameter was defined to evaluate the performance of the nanoswitch.
In this sense, a contrast parameter CP was defined as the ratio:
where '  and E =E'−E 0 . While   is the wavelength satisfying Kerker's conditions in the considered configuration, producing either a maximum or minimum intensity (E 0 ) in the gap, ' corresponds to such a state as Kerker's conditions are not satisfied and a contrary extreme of the intensity (E') in the gap is found. Then, the contrast parameter (CP) provides a quantitative measurement of the intensity contrast between the opposite states and their spectral closeness. In this work, we have generalized our study searching the best contrast in dimers of nanoparticles for different semiconductor materials, using this metric. While silicon was explored in [4, 6] , here we focus our attention on other interesting materials, like GaAs, Ge, TiO 2 , AlAs, AlSb and GaP. Firstly, the sizes of nanoparticles of the different materials and the incident wavelength satisfying Kerker's conditions (the so-called target wavelength) were obtained through Mie theory as described in [4, 7] . Then, the procedure is afterwards executed in two steps in this work. Once the components of the dimer are designed, numerical calculations employing Finite Element Method (COMSOL©) are carried out to determine the optimized gap distance, reinforcing the expected maximum /minimum of light in the gap through interferential effects in the inverse configuration. This first step determines the optimized geometry that provides an "ideal" maximum or minimum state. The second step, to find the opposite state of the switch, consists of a sweep in the wavelength around the target wavelength to find the optimum opposite behaviour in the gap region. Figure 2 shows the dependence of the electric field intensity in the gap as a function of the gap distance (d). Nanoparticles are made of different materials from one plot to another, and their sizes and wavelengths are tuned to accomplish Kerker's conditions for each case, corresponding to those appearing at Table 1 , left columns. In every case, the total and scattered fields at the middle point of the gap are plotted as a function of the distance between nanoparticles, being 1V/m the incoming electric field intensity. Extending the range to long d values, it can be seen clearly that when using the inverse/180º geometry a huge interferential effect appears. It is due to the interference between both scattered fields, which are directed towards the gap, and to the interference of the incoming field with those two scattered ones. The net effect of this interference is that the obtained maxima and minima are higher and deeper, respectively, than in the direct/0º geometry case. In every case, the first minimum at the total field (i.e., at shorter distances) is deeper than the rest and it will be selected for the next step. Although the interferential effect seems to increase for the next minimum, being deeper in the scattered field, the incoming field entering the gap reduces the net effect in the total electric field intensity. On the other hand, the first maximum is always the highest .
By comparing different materials and considering an inverse/180º configuration, TiO 2 , AlAs and GaP provide the best results. The highest maxima are obtained for these materials. In addition, they present deep minima in the scattered field, providing an almost totally destructive interference in the first two cases. In all the cases, the optimum gap distance to obtain the maximum field is in a range of 350-400nm, excepting Ge and AlSb that require larger distances.
Once the geometrical conditions have been fixed to work in the target wavelength obtaining a minimum in the gap, a sweep in the wavelength is performed around it to find the opposite behaviour. This is shown in Fig. 3 for some selected materials. The insets show the gap distance considered in any case, corresponding to the minimum electric field intensity in the gap for the inverse/180º geometry (minima at Fig. 2 ). Figure 3 shows three remarkable different results. GaAs nanoparticles (Fig. 3a) results in a bad situation, with no intense difference and a relatively large wavelength shift between the extreme positions. This situation is also observed considering Ge. A better result than the one for silicon [6] is obtained for TiO 2 (Fig. 3b) . In this case, the profile of the spectral dependence of light intensity in the gap region shows a remarkable valley, with a close maximum and minimum and with a high contrast. In fact, CP is around 60 in this case, as can be seen in Table 1 . The best case is that of AlAs nanoparticles (Fig. 3c) , which show a deep minimum (just a 15% of the incoming field) surrounded by two high maxima (1.7 times larger than the incoming field). CP is over 100 in this case. In every case, a shift of the minimum is found when changing from a scattered field to a total field, due to the effect of the incoming field in the interference. A summary of the optimum configurations of every considered material is included in Table 1 . In some cases, there is a slight shift between   , and the value used in Δ due to the resolution of the simulation (5 nm) or a shift in   , probably due to the interferential effects. The silicon dimer case [6] is shown in the first row for the sake of comparison. The CPs in GaAs and Ge materials, the latter one produced in the near infrared, are worse than the ones obtained for silicon. The reason is mainly the longer wavelength separation between maximum and minimum. On the other hand, a better result is achieved for TiO 2 , mainly due to the shorter wavelength range in which the effects can be found. AlAs is even better, as the combination of short wavelength separation and high contrast in electric field intensity makes it a very interesting candidate to be used in the proposed nanoswitch configuration. The results for AlSb and GaP, although with apparent higher CP, show more peaks and noisy aspect, needing further study. Table 1 . Summary of the main results of the analysed dimers in 180º configuration. The radii of both particles, target wavelength, gap distance, electric field intensity in the two wavelengths stressed and the contrast parameter are shown for each material.
Summing up, we have demonstrated a procedure that wide opens the possibility of finding, theoretically, the right couple of nanoparticles sizes, and their relative distance, to build dimers of semiconductor particles that can act as all-optical nanoswitches. Both particles are made of the same material, but we have found the conditions for different usual semiconductor materials employed in the off-the-shelf electronics current market, revealing AlAs as the best candidate. Table 1 . The total and scattered field (black squares and green triangles respectively) at direct/0º geometry and the total and scattered field (red circles and blue inverted triangles respectively) at inverse/180º geometry are plotted. Labels show the considered material.
(a) (b) (c) Fig. 3 . Wavelength dependence of the intensity of the total (black squares) or the scattered (red hollow circles) electric field in the middle point of the gap for the inverse/180º geometry. The gap distance (left label) is the one producing the minimum of the total field for inverse/180º configurations in Fig. 2 . Vertical lines correspond to the wavelengths of the local extremes used to compute CP of Table 1 , the one in the middle being the target wavelength position . Right labels show the considered material. 
